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Virological Study of an Epidemic of Febrile Illness
with Haemorrhagic Manifestations at Kanpur,

India, during 1968*
U. C. CHATURVEDI,1 ASHA MATHUR,' A. K KAPOOR,3

N. K. MEHROTRA' & R. M. L. MEHROTRA5

Several epidemics of febrile illnesses associated with haemorrhagic manifestations
occurred in India during 1963 and 1964. These epidemics were restricted to the eastern
coastal areas. However, in northern India, for the first time, a widespread epidemic of
febrile illness associated with haemorrhagic manifestations occurred at Kanpur in 1968.
In the present study, the virological findings of the epidemic are reported.

The role of dengue type 4 virus in the epidemic is demonstrated by the isolation of
the virus from a number of cases, including one with haematemesis, and conversion of anti-
body titres with dengue type 4 virus in the paired sera.

A number of epidemics of febrile illnesses associ-
ated with haemorrhagic manifestations have oc-
curred in India in recent years. The first epidemic of
haemorrhagic fever occurred at Calcutta in 1963 and
was found to be due to both dengue and Chikung-
unya viruses (Pavri et al., 1964; Sarkar et al., 1964).
Later, in 1964, there were epidemics of a " dengue-
like " illness associated with haemorrhagic manifesta-
tions in the cities of Madras and Vellore (Madras
State), Pondicherry and in Visakhapatnam. The
epidemics in Madras, Vellore and Pondicherry were
due to chikungunya virus (Myers et al., 1965; Rao,
1966) while the epidemic at Visakhapatnam was due
to dengue virus (Paul et al., 1965). In northern
India, for the first time, an epidemic of febrile illness
associated with haemorrhagic manifestations oc-
curred at Kanpur during September-October 1968.
The epidemic was widespread and affected about
one-tenth of the population of Kanpur city. The
epidemiological and clinical features of the epidemic
are presented in another report (Chaturvedi et al.,
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1970a). In this report, the virological findings of
cases of the epidemic illness are described.

MATERIAL AND METHOD

Blood samples were collected from patients at the
earliest phase of sickness and also during their con-
valescence. Altogether, 108 blood samples were
collected from patients presenting within the first
3 days of sickness, while another 116 blood samples
were collected from convalescent patients or from
those who were examined on the 5th-7th days of
sickness. For controls, 67 blood samples were col-
lected from healthy individuals, mostly medical
personnel, who had not suffered from the sickness.
The blood samples were stored in vacuum flasks on
wet ice and were transported to Lucknow the same
evening. On arrival, sera were at once separated and
investigations were started; the remaining portions
of sera were stored at - 30°C.

Isolation of viruses

Attempts to isolate the causative viral agents were
made by inoculating serum samples collected during
the acute phase of illness into 2-day-old litters and
groups of 6 adult Swiss albino mice by intracerebral
and intraperitoneal routes. The inoculated mice
were observed for signs of sickness over a period of
21 days. Passages were made from 10% brain
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suspensions ofmice which sickened during the period
of observation.

Cross-challenge tests in mice

The young mice surviving the first passages were

allowed to reach the age of 7-8 weeks; they were then
challenged with dengue type 2 (P23085) and dengue
type 4 (642069) viruses by the intracerebral route.
The concentration of virus of the inoculum was

1000 LDI50. Previously uninoculated control mice
were similarly inoculated with dengue virus. In
presenting the results, mice challenged with dengue
type 2 and type 4 viruses have not been separately
indicated. Protection of 50% of the mice or fewer
was considered as a negative result.

Tissue culture tests

Primary cultures of renal epithelial cells from
Macaca radiata (MKTC) were grown in Hanks'
salt solution, containing 3% of inactivated calf
serum and 0.5% of lactalbumin hydrolysate. The
fully grown monolayers in tube cultures were

maintained in Earle's medium with final concentra-
tion of 2% of inactivated calf serum. Serum samples
were inoculated into a group of 4 MKTC tubes.
The inoculated cultures were incubated at rest at
37°C and were examined daily for 14 days for
evidence of any cytopathogenic effect.

Poliovirus challenge test

This test was carried out to demonstrate the
presence of an interfering virus. A group of 1-6
MKTC tubes was inoculated with 0.1 ml of the
mouse brain suspension after the second passage.
The inoculated tubes were incubated at rest at
37°C and the medium was changed on alternate
days. A group of uninoculated control tubes was

similarly treated. On the 8th post-inoculation day,
1 tube from each set was frozen and stored at
-20°C while the rest of the inoculated and uninocul-
ated tubes were inoculated with 100 TCID50/0.1 ml
of poliovirus type 1. The control tubes usually
showed a 3 + to 4 + cytopathic effect of polio-
virus within 48-72 hours after inoculation. Inhibi-
tion of the cytopathic effect of poliovirus, or its
delay as compared with the controls, was taken as an

indication of the growth of an interfering virus.

Identification of the virus

Complement-fixation test. Virus typing was done
by the quick complement-fixation test, using as a

crude antigen a saline preparation of the brain of

sick mice (Pavri et al., 1962). The test was run with
immune sera of dengue virus types 1, 2, 3 and 4,
West Nile fever, Japanese encephalitis (JE) and
chikungunya viruses.

Neutralization tests. Neutralization tests were car-

ried out in mice by titrating the viruses against
immune sera of dengue viruses types 1, 2, 3 and 4.

Serological tests

A haemagglutination-inhibition (HI) test was

carried out, using the technique of Clarke & Casals
(1958), on sera collected from normal healthy
individuals, from patients during the acute phase
of the illness and during convalescence, and on some

of the paired sera.

RESULTS
Virus isolation
In mice. Out of 81 acute sera inoculated in mice,

26 have shown the presence of mouse-pathogenic
agents. The sickness was transient and appeared
only in infant mice on the 6th-14th post-inoculation
days. Some of the mouse-pathogenic agents have
so far been taken up to the 10th passage. The sick-
ness in mice produced by these agents occurred on
the 5th-8th days; some of the agents produced
noticeable sickness in the first passage. Agent
No. 68295 was isolated from a patient who had
haematemesis.

In cultures of monkey kidney cells. None of the
40 acute sera studied in tissue cultures of monkey
kidney cells showed any cytopathogenic effect.
Altogether, 10 of the mouse-pathogenic strains were
passed into tissue culture and were challenged with
poliovirus type I on the 8th post-inoculation day.
The findings show positive results (interference) with
9 of the agents.

TABLE I

RESULTS OF NEUTRALIZATION TESTS

Log neutralization index
Reference immune sera Serum Serum

no. 68120 no. 68142

Denguetype 1 (623996) 0.7 0.5

Dengue type 2 (P8640) 1.1 0.8

Dengue type 3 (633798) 0.9 0.6

Dengue type 4 (62231) 2.8 2.4
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TABLE 2
HI ANTIBODIES IN HEALTHY INDIVIDUALS AND IN PATIENTS WITH PYREXIA

Virus Positive Percent- Antibody titreantigen~ Group - total -age 1<0I0 4 0 1 6 1 2 4 18

Dengue Normal 46/51 90 5 2 6 4 4 6 3 21
Pyrexia 148/152 97 4 8 11 9 9 14 6 91

JE Normal 36/38 95 2 - 2 3 2 8 8 13
Pyrexia 144/151 95 7 2 7 6 12 30 12 75

WN Normal 54/57 95 3 8 10 4 2 3 8 19
Pyrexia 153/158 97 5 11 23 L 6 11 22 19 61

Cross-challenge tests in mice

The mice surviving tests with 50 acute sera during
the first passage were allowed to reach the age of
7-8 weeks; they were then challenged with dengue
type 2 (P23085) and dengue type 4 (642069) viruses.
The findings show that there was a high degree of

resistance in 44 out of 50 mice that were inoculated
with the acute serum samples equivalent to 1000
mouse LD50 units of dengue virus.

Identification of virus

Complement-fixation tests. A tentative diagnosis
of the virus strain was made by the quick com-
plement-fixation test, using as a crude antigen a
saline preparation of the brain of sick mice. Out of
26 mouse-pathogenic agents isolated, 8 at the 5th-
7th passage level were tested and showed positive
complement-fixation with dengue type 4 virus
immune sera. One agent, No. 68295, was isolated
from a patient who had haemorrhagic manifesta-
tions in the form of haemetemesis.

Neutralization tests. The neutralization tests were
performed on 2 strains, namely-68120 and 68142.
Both strains were maximally neutralized by dengue
type 4 immune sera. Some cross-reactivity was also
observed with other sera (Table 1).

Serological findings

HI antibodies were determined in sera collected
from normal healthy individuals, from patients
during acute phase of the illness and from con-
valescents. The findings given in Table 2 show that
dengue virus antibodies were present in 46 out of
51 (90%) sera from normal healthy individuals.
Presence of antibodies to JE virus was detected in

36 out of 38 (95 %) sera, while 54 out of 57 (95 %)
showed antibodies against West Nile virus. The
cases of fever also revealed very high group-B virus
activity. Out of 152 sera tested for dengue HI anti-
bodies, 148 were found to be positive (97%). The
incidence was similarly high for JE and West Nile
viruses, 144 out of 151 (95%) and 153 out of 158
(97 %), respectively, showing antibodies.
The HI findings in the paired sera revealed con-

version of antibody titres with dengue type 4 virus.
Such marked conversions were not seen with other
group-B or chikungunya viruses (Table 3).

DISCUSSION

The findings of the present study demonstrate that
out of 81 acute sera inoculated in infant mice, 26 were
pathogenic, in either the first passage or subsequent
passages. In all, 9 of these agents produced inter-
ference to poliovirus type 1 in MKTC and 8 of the
agents tested by the quick complement-fixation test
gave positive results with dengue type 4 immune
sera. The mouse cross-challenge test was performed
on mice inoculated with 50 acute sera. A high
degree of resistance against dengue viruses was
observed in 44 sera. Finally, two of the strains
(No. 68120 and No. 68142) were identified as dengue
virus type 4 by the neutralization test. The HI anti-
bodies determined in sera collected from normal
healthy individuals and patients during the acute
and convalescent phases of the illness showed that
there was a high level of group-B virus activity in
the population of Kanpur. The HI findings in
the paired sera revealed the conversion of antibody
titres with dengue virus type 4; such marked con-
versions were not seen with other dengue viruses
JE, West Nile or chikungunya viruses. Thus the
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TABLE 3

Hi ANTIBODY TITRES OF PAIRED SERA

AgeDate of
(years) collection

68150-1 17,F 24.9.68

30,M

28,M

i1,M

6,F

35,M

25,M

53,M

20,F

20 F

20,F

19,F

22, F

23,M

30.9.68

24.9.68
3 10.68

25.9.68
3.10.68

25.9.68
3.10.68

26.9.68
3.10.68

26.9.68
3.10.68

27.9.68
3.10.68

27.9.68
3.10.63

27.9.68
3.10.68

27.9.68
3.10.68

27.9.68
3.10.68

27.9.68
3.10.68

27.9.68
3.10.68

25.9.68
28.9.68
3.10.68

Day of
sickness

2
8

3
12

3
11

2
12

2
9

8

4
10

7
13

5
11

4
10

4
10

3
9

3
9

3
6

11

Antigen

Dengue

Type 1J Type 2 Type 3 Type4
JE WN

20 <10 10 20 320 640
20 <10 10 20 320 640

40 10 20 80 320 320
160 80 160 5 120 2 560 2 560

20 20 160 40 40 80
5 120 10 240 10 240 >10 240 320 320

<10 <10 <10 <10 80 160
20 20 20 40 80 160

10 10 20 40 80 80
40 20 160 320 160 160

20 <10 10 20 40 20
40 20 i 20 80 40 40

80 20 80 320 320 320
160 80 320 2560 1280 1280

160 80 320 640 1 280 1 280
160 80 320 640 1 280 1 280

40 40 80 80 160 320
320 160 640 5 120 640 640

20 <10 40 40 40 80
40 20 80 320 80 80

40 20 20 40 320 320
5 120 5 120 10 240 >10 240 1 280 1280

10 <10 20 40 40 40
20 10 20 80 40 40

40 20 40 40 I 20 20
80 40 160 320 20 20

80 160 40 80 40 80
640 1 280 640 1 280 320 320
640 1 280 640 5 120 1 280 1 280

findings from virus isolations and from conversion In another study, a high incidence ofchikungunya,
titres in convalescent sera implicate dengue type 4 or a related virus, HI was observed both in normal
virus in the epidemic at Kanpur. This is borne out healthy individuals in Lucknow and in normal
by the isolation of dengue type 4 virus from a individuals and patients with pyrexia at Kanpur
patient suffering from haematemesis. (Chaturvedi et al., 1970b). However, since the virus
A question of great concern is whether the epide- has not been isolated and there was a lack of con-

mic illness was a disease new to Kanpur. This ques- version of antibodies in the paired sera, it has not
tion is discussed in some detail elsewhere (Chatur- been possible to implicate chikungunya virus in the
vedi et al., 1970a). Kanpur epidemic.

Sera

68150-2

68169-1
68169-2

68211-1
68211-2

68215-1
68215-2

68233-1
68233-2

68248-1
68248-2

68258-1
68258-2

68264-1
68264-2

68272-1
68272-2

68274-1
68274-2

68275-1
68275-2

68276-1
68276-2

68277-1
68277-2

68283-1

68283-2
68283-3

Chi-
kun-
gunya

<10
<10

320
640

320
320

<10
<10

40
80

20
20

320
320

40
40

20
20

20
20

320
320

<10
<10

320
320

320
320
320
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RESUME
ETUDE VIROLOGIQUE D'UNE EPIDEMIE D'UNE AFFECTION FEBRILE ACCOMPAGNEE

DE MANIFESTATIONS HEMORRAGIQUES A KANPUR (INDE), EN 1968

Les aspects cliniques et epidemiologiques de cette
epidemie qui a atteint la ville de Kanpur en 1968 sont
d6crits dans l'article precedent. Le present rapport
expose les r6sultats de l'enquete virologique qui a ete
effectuee a cette occasion.
Le materiel d'6tude a consiste en 291 echantillons de

serum recueillis chez des personnes bien portantes et chez
des malades a la phase aigue de l'affection ou durant la
convalescence. Sur 81 serums de phase aigue inocules
a la souris, 26 se sont r6veles pathogenes pour I'animal;
9 des 10 souches pathogenes transferees en culture de
tissu renal de singe ont donne lieu A un phenomene
d'interf6rence et inhib6 l'action cytopathogene d'un
poliovirus de type 1. L'inoculation de serum de phase
aigue a 50 souris a confere a 44 d'entre elles une tres forte
protection contre une infection d'epreuve par des virus
de la dengue des types 2 et 4. L'epreuve de fixation du
complement mettant en presence un antigene extrait du
cerveau de souris malades et divers serums anti-arbovirus
a donne des r6sultats positifs pour la dengue de type 4

dans 8 cas sur 26. L'une des souches etudiees avait ete
isolee chez un patient ayant presente des hematemeses.
Quant a l'epreuve de neutralisation chez la souris, elle a
permis d'identifier deux souches de dengue de type 4.

Dans les serums de personnes bien portantes, on a
decel la presence d'anticorps IH actifs contre la dengue
(46 serums sur 51, soit 90%°), contre l'encephalite japo-
naise (36 serums sur 38, soit 95 %) et contre le virus
West Nile (54 serums sur 57, soit 95 %). Chez les malades,
on a constate egalement une tres forte activite des arbo-
virus du groupe B: 148 serums sur 152 (97%) positifs en
IH pour la dengue, 144 sur 151 (95%) positifs pour
l'encephalite japonaise, et 153 sur 158 (97%) positifs
pour le virus West Nile. L'examen de paires de serums
a revele plusieurs cas de conversion serologique a l'egard
du virus de la dengue de type 4.

Les resultats des isolements et la nature des conversions
font attribuer l'epidemie de Kanpur a un virus de la
dengue de type 4.
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